WHAT'S KNOWN ON THIS SUBJECT: Patients living in rural versus urban counties encounter different health care environments. Whether these differences result in different health care utilization for rural versus urban infants is not known.
Children living in rural communities encounter different health care environments than children living in urban communities, including differences in access to care [1] [2] [3] [4] [5] and provider practices. 6, 7 Previous studies investigating whether these differences result in different hospital utilization found conflicting results for pediatric hospitalization rates [8] [9] [10] [11] and no data for pediatric length of stay (LOS), because LOS studies have examined rural hospitals rather than rural patients. 12, 13 Even less is known about hospital utilization among rural infants, with studies generally excluding the youngest of children. Given the relatively high rates of hospitalization during the first year of life, understanding hospitalization patterns for infants across communities is an important public health issue. This study' s goal was to compare inpatient utilization data, including hospitalization and LOS, for infants aged ,1 year in rural and urban communities. We also examined whether differences in hospital utilization were associated with readmissions after discharge or inpatient mortality. We hypothesized that infants living in rural settings would experience significantly different hospitalization rates and LOS compared with urban infants.
METHODS

Study Population and Data Collection
Birth certificate data for all infants born in California between 1993 and 2005 were linked to death certificate data and discharge records for any hospitalization during the first year of life by the Office of Statewide Health Planning and Development by using previously described methods. 14 More than 98% of records were successfully linked. This database has been the basis of multiple previous studies. [15] [16] [17] [18] Infants were excluded if they did not survive to discharge from birth hospitalization, if gestational age was ,24 weeks or .42 weeks, or if birth weight was .5 standard deviations (SDs) from expected birth weight for gestational age due to concern for data error. Gestational age was determined by best estimation of the obstetrician as recorded on the birth certificate record. In total, 382 161 infants met these exclusion criteria. In addition, 10 582 infants with birth hospitalization exceeding 90 days were excluded to allow an adequate observational period before first birthday.
This study was approved byThe Children' s Hospital of Philadelphia Institutional Review Board and the institutional review board of the Department of Health in California.
Variable and Outcomes Definitions
Outcomes
The primary outcome was any hospitalization between discharge from birth hospitalization and day 365 of life. Secondary outcomes included the cumulative time an infant was hospitalized after birth hospitalization during the first year of life; infant mortality; and readmission within 7, 14, and 28 days of discharge from previous nonbirth hospitalization. For clarity, "birth hospitalization" indicates birth hospitalization; "hospitalization" indicates any nonbirth hospitalization; and "readmission" indicates hospitalization occurring within specified commonly studied intervals after a nonbirth hospitalization. Infant mortality was abstracted from death certificate data.
Hospitalizations and cumulative LOS associated with the most common diagnoses in this population were examined, including bronchiolitis, cellulitis, convulsions/seizures, croup, dehydration and gastroenteritis, temperature instability, hyperbilirubinemia, pneumonia, pyloric stenosis (PS), gastroesophageal reflux (GER), sepsis, urinary tract infection (UTI), and viral illness. The Appendix lists International Classification of Diseases, Ninth Revision codes used to identify these conditions. These 13 diagnostic categories accounted for 63% of the principal diagnoses for all hospitalizations in the cohort. Hospitalization is nondiscretionary for 2 of these diagnoses (sepsis and PS), whereas the decision to hospitalize infants for the remaining conditions may include more subjective assessment of medical and social circumstances. 19, 20 This second group of diagnoses potentially overlaps with the concept of ambulatory caresensitive hospitalizations, which have been studied as a marker for quality and accessibility of ambulatory care in the adult literature [21] [22] [23] [24] but have not been validated to the same degree for infants. For this reason, we focused instead on this more complete list of conditions derived from the most common hospitalizations within our study population.
Predictive Factors
Infant residential counties were categorized according to the United States Department of Agriculture 2003 RuralUrban Continuum Codes, 25 which categorize metropolitan areas according to size and rural areas according to size and proximity to metropolitan areas. For our analysis, counties were grouped into the following 4 categories: large urban (metropolitan area with population .1 million); small urban (metropolitan area with population ,1 million); large rural (nonmetropolitan area with urban population .20 000); and small rural (nonmetropolitan area with urban population ,20 000). Hospitalizations were analyzed based on the county in which each infant resided rather than the county in which the hospitalization occurred.
Additional predictive factors were included based on their association with increased hospitalization or increased potentially preventable ARTICLE PEDIATRICS Volume 130, Number 6, December 2012hospitalization [26] [27] [28] [29] [30] [31] or as a marker of chronic illness. These factors included birth factors, such as multiple gestation birth, gestational age, and small for gestational age (SGA); maternal sociodemographic data, including age, race, education, parity, trimester of prenatal care initiation, insurance, and median income of the residential zip code; and infant gender.
Data Analysis
Analysis was performed by using Stata version 10 [CHIP]) legislation, pneumococcal conjugate vaccine development, and new hyperbilirubinemia and UTI guidelines) on the risk of hospitalization and LOS was examined through the addition of interaction terms between time period after each event and geographic location. These interaction terms were reported if they resulted in a new model that was statistically different from the original base model at a .05 level.
RESULTS
After exclusion criteria were applied, this study included 6 419 257 infants. Table 1 reports baseline characteristics at birth hospitalization discharge. Compared with infants in large and small urban areas, more infants in large and small rural counties were born to white mothers and received federal insurance. Data are presented as number (%), unless otherwise noted.
Overall Hospital Use In multivariable analysis (Fig 1), 
Specific Diagnoses
For most diagnoses, the trend of increased hospitalizations and/or increased LOS for infants in increasingly urban areas persisted, although not always to a statistically significant degree (Fig 2) . The increased odds of hospitalization for infants from large urban counties compared with small rural counties were most notable for cellulitis, dehydration, convulsions, GER, UTI, and viral infections. Large urban residence was associated with statistically significant increased LOS among infants hospitalized for dehydration, bronchiolitis, pneumonia, temperature instability, and hyperbilirubinemia compared with the small rural reference group.
Compared with small rural counties, residence in large urban counties was associated with increased odds of 
DISCUSSION
In our study of .6 million infants born in California between 1993 and 2005, infants from small rural counties had decreased inpatient utilization, including lower hospitalization rates and fewer hospitalized days, than infants from large urban counties during their first year of life. Our findings persisted after controlling for several potential infant, maternal, and economic confounders. These findings were consistent with our hypothesis of different hospital utilization for infants from rural and urban counties and with 1 previous study of hospitalizations 8 but are at odds with other studies. [9] [10] [11] Possible explanations for differences from previous studies include our focus on infants or our study' s increased power. Our study differed in design from the few previous pediatric studies of LOS in rural areas 12, 13 by examining LOS according to residential county, focusing on infants, and using population rather than hospital data, which allowed analysis of hospitalization rates along with LOS. Examining specific diagnoses found that urban residence was associated with increased odds of hospitalization for many diagnoses and increased cumulative LOS for most of the remaining diagnoses. We did not identify adverse consequences of decreased inpatient utilization in rural patients such as
FIGURE 1
Adjusted ORs for odds of hospitalization (A) and adjusted IRRs for cumulative LOS (B) according to county size. Results adjusted for gestational age, SGA, multiple gestations, gender, maternal age, race, parity, maternal education, insurance, neighborhood median income, and birth year, compared with small rural reference group after adjusting for clustering by residential county. a Significant at 5% level after correcting for multiple comparisons through Bonferroni correction.
increased mortality or increased readmissions relative to urban patients. Numerous factors may contribute to the observed differences, including access to care, quality of care, physician decision-making, and disease burden.
Access is a known issue in rural communities, with studies reporting decreased access to pediatricians 1,2,5 and generalists 3, 4 in rural settings. However, studies of the impact of physician supply and distance from hospitals have not consistently shown an effect on hospitalization rates. 12, 21, 23, [33] [34] [35] [36] [37] [38] [39] Other dimensions of access include patient perception of access (which may be better in rural communities 40 and may impact hospitalization rates 23 ) and parental choice in accessing care (since patient care-seeking behavior has been associated with variations in care 41 and location of presentation may influence hospitalization rates. 42 ) In addition, financial access may influence odds of hospitalization, as suggested by our finding of decreased differences in odds of hospitalization after CHIP implementation. If barriers to needed care in rural areas alone accounted for decreased hospitalizations, we might expect the smaller cohort of hospitalized patients from rural areas to have more severe disease, potentially reflected in longer LOS or increased mortality. Our findings suggest that decreased ability to access care does not adequately explain decreased utilization in rural areas.
Quality of care at presentation site may also affect hospitalization rates. 43 Studies have suggested that receipt of recommended ambulatory care may differ between rural and urban settings. 6, 7 We did not, however, observe significant change in the effect of geography on hospitalization risk or LOS after the introduction of specific management guidelines. Although unstudied, rural patients may experience increased continuity of care due to the more limited number of providers in their communities. If this were the case, we might expect reduced hospitalization and LOS because increased physician continuity has been associated with decreased emergency department utilization, 44 increased patient satisfaction, 45 and fewer avoidable hospitalizations, 46, 47 whereas increased fragmentation of inpatient care has been associated with longer LOS. 48 Previous work has identified the difficulties of continuity of care when rural patients are hospitalized outside of their community, 49, 50 but less is known about continuity of outpatient and inpatient care within rural communities.
In addition, physicians may approach hospitalization decisions differently in rural versus urban communities. Previous work has shown that hospitalization thresholds can shift over time, 51 and they may shift over space as well. In our study, patients were most commonly hospitalized in counties of sizes congruent with the patient' s own county. Although previous studies have suggested that physician practice style and risk attitudes may not contribute as much to different hospitalization
FIGURE 2
Adjusted ORs for odds of hospitalization and IRR for cumulative LOS of specific diagnoses in large urban compared with small rural areas. Results adjusted for gestational age, SGA, multiple gestations, gender, maternal age, race, parity, maternal education, insurance, neighborhood median income, and birth year, compared with small rural reference group after adjusting for clustering by residential county. rates as expected, 41, 52, 53 the potential for admission thresholds and LOS to vary systematically across regions with different access to ambulatory and tertiary care (eg, urban versus rural settings) has not been adequately explored.
Finally, disease burden may actually differ between rural and urban communities. Prior studies of disease burden have reported increased severity of presentation in urban children with asthma 54, 55 and increased rates of rotavirus hospitalization in urban communities. 56 Although consistent with the direction of our findings, it is difficult with these diagnoses to know whether increased hospitalizations reflects increased incidence, increased severity, or altered hospitalization thresholds. Within our study, PS and sepsis are 2 diagnoses in which every case should result in hospitalization, such that hospitalization rates should reflect disease burden without the influence of other factors. Our finding, then, of increased odds of hospitalization for infants living in urban counties for sepsis and PS does suggest increased incidence (although our finding for PS did not remain significant), especially in the setting of similar LOS among those hospitalized. Regional differences in incidence of PS have been noted previously, 57,58 although not with the same urban/rural distinction.
Hyperbilirubinemia was the 1 diagnosis in which large urban residence was associated with decreased odds of hospitalization. Hyperbilirubinemia might behave differently than other diagnoses in rural versus urban communities due to different access to home nursing and home phototherapy, different breastfeeding rates, or different adherence to guidelines, although we were unable to find studies reporting rural-urban differences in these factors or a significant interaction with guideline release in our data. Of note, among those hospitalized, large urban residence was still associated with longer cumulative LOS.
This study has potential limitations that should be noted. First, earlier work has demonstrated different hospitalization rates even between multiple large urban centers. 59 Thus, the degree to which our findings can be generalized beyond the study region is unclear. In particular, different racial and ethnic composition in other rural areas of the United States may limit generalizability of our findings. Generalizability may be further limited by our exclusion of infants with prolonged birth hospitalizations (.90 days). However, this study included .6 million infants born over 12 years within a large, geographically diverse state, and represents the largest current report of hospital utilization among rural and urban infants. In addition, administrative data sets have the potential for inaccuracies in coding, but we would not expect systematic bias in such errors. Also, although we were able to control for many infant and maternal characteristics at the level of the individual patient, this study did not include additional geographic characteristics, such as the location of pediatricians, family practitioners, hospitals, emergency departments, pediatric centers, and rural health centers, as this was beyond the scope of our analysis. Similarly, although we could determine transfers between hospitals after hospitalization, we did not have data on preceding clinic or emergency department visits or potential transfers between emergency departments before hospitalization. This additional information would help us better understand the flow of patients through rural and urban sites of care and further understand the observed differences in health care utilization among rural and urban patients.
CONCLUSIONS
Infants living in rural California counties experienced decreased hospital utilization, including decreased hospitalization and decreased LOS. Decreased inpatient utilization by rural infants persisted after controlling for potential confounders and was not associated with increased hospital mortality or increased readmission rates. Increasing rurality was associated with decreased hospital utilization for the majority of diagnoses, with either decreased odds of hospitalization or cumulative LOS observed. The reason for (and implications of) these differences requires further study.
